ABSTRACT
INTRODUCTION
In this article we will deal with sensor calibration, which are placed on the disintegration wedges. Calibration must be done because, after preparation and application of sensors on the wedges surface, we do not know what the relationship between the voltage readings received from the electrodes of the piezoelectric sensors and torque required for the disintegration that we wish to find out. For this reason, we have to assign a measured voltage value with a known torque. Calibration of gauge means a set of actions that give, for certain conditions, a relationship between values indicated by the gauge and the corresponding values of variables realized by reference or working etalon [1] [2] [3] [4] . Calibration involves the process of establishing a calibrated gauge to etalon, and transfer values of etalon to the calibrated gauge respectively. With few exceptions, this takes a way of direct or indirect comparisons [3] .
The purpose of calibration is to determine from the calibration experiment, estimates of unknown parameters and their uncertainties and covariance's. Because of this the calibration experiment is carried out and the model for calibration evaluation will be prepared [3] . From a mathematical point of view the aim of gauge calibration is to determine the correlation between X data of calibrated gauge with value of etalon t, including the determination of uncertainties of this dependence. Dependence of the value of calibrated gauge from an etalon X = f(t) is called the transformation function of the sensor. Inverse function of the transformation function, is the dependence t = g(X) is called sensor calibration function [4] . 
SENSORS CALIBRATION ON WEDGES OF MEASUREMENT STAND OF DESINTEGRATIVE DEVICE
On the measurement apparatus we can read the value of voltage. To this value we have to assign a value of torque, which corresponds to the wedge deformation where the sensor is located. For this purpose we need to apply a known torque.
Fig. 1 Torque wrench used for calibration

SCIENTIFIC PROCEEDINGS 2011, Faculty of Mechanical Engineering, STU in Bratislava
Vol. 19, 2011, pp. 36-43, DOI: 10.2478/v10228-011-0007-y
As an etalon we chose the torque wrench, with which we can apply the torque on the drive shaft. The torque wrench used ( Fig. 1 ) has a range of adjustable torque values from 80 to 400 Nm ( Fig. 1 ) with graduations of 10 Nm. This range was sufficient because maximum calculated torque is 425 Nm. The range of torque wrench approximately covers the working range for the torque of the measurement stand. The inaccuracy of the torque wrench was detected in a specialized laboratory before the calibration started. The manufacturer of the torque wrench declares an error of 4% [5] . When calibrating the torque wrench, which took place directly before the measurement, we found the maximum error of the instrument Δ = 6 Nm.
To be able to transfer torque from a torque wrench on the shaft with tool holders, we had to make a tool -extension (Fig. 2) as a reducing part between the shaft and the torque wrench ending. On the figure 2 we can see the connection of torque wrench through an adapter to the shaft of the measuring stand.
Fig. 2 Correcting part for joining of torque wrench to spindle of measurement stand of disintegrative device
Calibration process proceeds as follows: On torque wrench we set the torque value at which we will measure the voltage on the sensors. On the disintegrative disk we will mount the disintegrative wedge of which sensors will be calibrated. Then we will block this wedge in the area where the two disks are meeting on the top of the chamber (Fig. 3) . Which is where the material is disintegrated when the machine is running.
Fig. 3 Locking of wedge by steel block in sensor calibration process
The device is thus ready, the cables from sensors were connected to a measuring card, turn connected with a computer via Bluetooth interface. On the computer we start the communication program Syncom Data Acquisition. In the program we set the sampling frequency at 1000 Hz,
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switch on the monitored channels, which are connected to the sensors and select the measurement range of the card (in our case, the channels 3 and 4 and the measuring range of card is ± 10V). Then we activated the graphic mode to monitor the measurement process online. At this moment, the whole measuring apparatus for measuring was prepared. In the Sync program Data Acquisition we start data collection from sensors and the measurement is running. By the torque wrench we attempt to rotate the shaft against the wedge, which is similar to the standard disintegration process. We apply pressure to the torque wrench, until it clicks, denoting the obtained torque value. In this moment we release the force on the torque wrench. Repeating the load again, together we do 7 repetitions to be able to statistically evaluate the measured values.
Fig. 4 Placement of the piezoceramic sensor on disintegrative wedge
Measured data is exported from Syncom Data Acquisition program to a text file, for example k1_2_100.txt. The file name indicates that it is sensor No. 2 on the wedge No. 1. Sensor No. 2 is located on the back surface of wedge. A value of 100 means that we measured at a torque of 100 Nm set on the torque wrench. Then we import this file into MATLAB 6.5 where we can work with measured data. In Fig. 5 
Fig. 5 Measured values of voltage in calibration of sensors
The seven peaks on the graph represent seven repeated measurements. In the following figure 6 is an enlarged part of the graph of one measurement from fig. 5 . For each measurement we have to measure a lower voltage level before loading and the higher level when we reached the preset torque wrench value. The top level represents a sharp decline in the graph (the place where we reached the set torque value), then you can still see an upward trend of graph, what is effected by an additional force of the torque wrench, until it is released (torque wrench is not turned off completely, just gave a signal that we have reached the preset value, but we can still draw the torque wrench also after signal).
The difference between the lower level and higher level gives us the voltage that arose on the sensor by the deformation of the surface on which the sensor is placed, which has been deduced by a known torque value.
Already at the first calibration experiments we found that the measured values from sensor No. 1 on the face of the wedge will have no meaningful value. The reason for this statement is that the calibration and also direct measurement at the disintegration process, because the material is pushed directly to the sensor (surface of sensor through a layer of cement) and from measurement we obtained unusable values. Therefore, we decided not to use them in the measuring this sensor, or the values from him.
Fig. 6 Reading of values of voltage changes on sensors
CALIBRATION OF DESITEGRATION WEDGES
According to the procedure described above, we will realize the measurements with predetermined values of torque. Each measurement is repeated 8 times.
Lower level High level
Voltage values measured at different torque loads can be seen in Tables 1 to 3. The  summary table of ( 5 ) No.
x i(100) =Ue (V) Dependence of the measured values of voltage from the torque is shown in Fig. 7 (solid line -blue color). In the same figure we have drawn through measured points a regression dependency type of polynomial of the third degree, which is shown by a dot -dashed line (red color). Transformation function is a polynomial of the third degree, which is normally used for the approximation. We calibrated the rest of the disintegrative wedges by the same way. 
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CONCLUSION
It is necessary to calibrate also the sensors which are placed on the other disintegrative wedges by the same way, and then we can come up with measurement values for the necessary torque in the process of real conditions of processing of material on disintegrative machine. Each sensor on each wedge must be calibrated separately, because each has a special wedge geometry, and each has a different size of sensor (sensing surface) adapted to the specific disintegration wedge. Also, even if there is a change on wedge geometry is necessary to recalibrate the sensors.
